In this study possible connection between radiofrequency exposure (RF) and development of oxidative stress was investigated by measuring impairment in cellular oxidation-reduction balance immediately after RF exposure. Fibroblast cells, V79 were exposed for 10, 30 and 60 minutes to 1800 MHz RF radiation. Electric field strength was 30 V/m and specific absorption rate (SAR) was calculated to be 1.6 W/kg. Electromagnetic field was generated within 
Introduction
Remarkable progress in the field of telecommunications resulted in great public concern for possible adverse effects induced by radiofrequency (RF) electromagnetic radiation emitted from mobile phones. Although biological interactions and potential health impacts of RF exposure have been extensively studied, only those effects that produce measurable tissue heating are well understood. At the same time there are many uncertainties and questions regarding biological effects that occur in the absence of heating, at the non-thermal level. One of the important mechanisms that should be considered in risk evaluation of non-thermal radiation exposure is connected to reactive oxygen species (ROS), alteration in radical scavengers and development of oxidative stress (Blank 2008 The aim of this study was to investigate possible connection between short-term 1800 MHz RF exposure and cell membrane oxidative damage by measuring cell viability, ROS level, cellular antioxidant defense and concentration of MDA immediately after RF exposure.
Materials and methods

Cell Culture and Radiofrequency Exposure Protocol
Stable continuous cell line of Chinese hamster lung fibroblast cells (V79) was grown in a RPMI 1640 medium (Sigma Chemical Co., St. Louis, MO) supplemented with 10% fetal bovine serum (Sigma). Cell cultures were maintained at 37ºC in a humidified atmosphere with 5% CO 2 . Cells were routinely grown in 25 cm 2 cell culture flasks until the exponential phase of growth and growth medium was refreshed every four days during sub-culturing.
Before radiation exposure, cells were detached from culture flasks by brief trypsinization using 0.25% Trypsin/EDTA solution (Sigma), resuspended, seeded and pre-incubated for 24 h (Freshney 2000 Control cell samples were kept in the same experimental conditions, except they were not exposed to RF radiation. All experiments were carried out in triplicates. Temperature inside the GTEM-cell was monitored entire time during the experimental procedure and was kept at 37°C by means of specially constructed water bath system.
Cellular Viability Assay
The viability of V79 cells was evaluated using a sensitive colorimetric assay Cell 
Quantification of Reduced Glutathione (GSH)
Concentration of GSH in V79 cells was quantified using a fluorogenic bimane probe, monochlorobimane (MBCl, Sigma). Cells were seeded at concentration of 1x10 5 
Protein Determination
Protein concentration of cell lysates was measured by Bradford method (1976) using Total protein kit micro (Sigma). Samples, standards, and blanks were done in triplicate and absorbance was measured in 96-well plates at 570 nm (1420 Multilabel Counter Victor3, Perkin Elmer).
Statistics
Statistical analyses were performed with STATISTICA 13.0 (StatSoft, Inc., USA) software package. Data obtained for control and exposed group of samples were compared by nonparametric Mann-Whitney U-test. Values of P < 0.05 were considered statistically significant.
The data used for statistical analysis were expressed as mean ± standard deviation of the mean. Figure 1 shows the viability of fibroblast cells in non-irradiated (negative control), radiation exposed and DMSO treated (positive control) cell samples. During the course of radiation exposure, the viability of irradiated cells remained within normal physiological values and did not differ significantly compared to negative control group. Furthermore, short-term 10 and 30 minutes radiation did not cause any significant effect on the level of superoxide radicals.
Results
On the other hand, after 60 minutes exposure superoxide radicals in the cell increased and were significantly higher (p<0.05) compared to corresponding control group (Figure 2A) .
Observed difference was further confirmed and visualized by fluorescence microscopy as shown in Figure 2B . Concentration of GSH in radiation exposed cells, negative control group and positive control treated with 500 μM H 2 O 2 was used to assess the non-enzymatic antioxidant activity of fibroblast cells (Figure 3) . Significantly higher GSH level (p< 0.05) was observed immediately after 10 minute exposure. During prolonged radiation exposure, difference between negative control and exposed cell samples decreased and was considered to be insignificant. In positive control group, GSH decrease was connected to duration of hydrogen peroxide treatment; longer H 2 O 2 exposure reduced concentration of GSH in the cell. Figure 4 shows the enzymatic antioxidant activity of V79 cells determined by measuring activity of GSH-Px. Although insignificant the highest activity of GSH-Px in exposed cell 2008) or stem cells (Czyz et al. 2004 ). Since the EM field was generated in a high-quality GTEM chamber which ensures a constant and uniform field and stable physiological temperature throughout irradiation, any changes observed in the exposed cells were considered to be consequence of non-thermal RF exposure.
The results of our previous study on fibroblast cells revealed possible impairment in cellular oxidation-reduction balance after 1800 MHz RF exposure (Marjanovic et al. 2015) . Increased ROS production, mainly hydrogen peroxide, was observed only after short-term 10 minute irradiation, while with prolonged RF exposure, level of ROS decreased indicating possible antioxidant activation. As a follow up we further investigated stress response of fibroblast cells focusing on antioxidant defense mechanisms and lipid oxidative damage. It is known that GSH-Px activity is dependent upon GSH availability and that its biochemical function is involved in reduction of free hydrogen peroxide and lipid hydroperoxides. In our study significantly higher level of GSH was detected immediately after 10 minute-exposure.
Moreover, after the same exposure time we observed the highest activity of GSH-Px. This increased activity of cellular non-enzymatic and enzymatic defense points to a rapid cell response to applied RF radiation. Within prolonged RF exposure we did not observe any impairment in cellular antioxidant defense, indicating that these changes were only transient.
Unlike radiation exposed samples, GSH level in samples treated with hydrogen peroxide decreased with longer exposure time, which is a result of greater GSH consumption in the presence of radicals and more severe oxidative stress effect. In a study of Ni et al. (2013) more pronounced stress effect of 1. On the other hand Irmak et al. (2002) were not able to find lipid damage in rabbit serum or brain after 900 MHz radiation, even though other oxidative parameters were significantly altered. Similar results were found in rat's central nervous system after acute exposure to ultra high electromagnetic fields (UHF-EMF; 800-1800 MHz). There were no observable changes in the level of lipid and protein damage as well as in non-enzymatic antioxidant defense (Ferreira et al. 2006 ). In our in vitro study there were no statistically significant changes in the level of lipid oxidative damage. Given that higher MDA concentrations in previously mentioned studies were only detected after longer RF exposure or in a more sensitive cell culture lines these effects were expected. Results are in an agreement with study of Höytö et al. (2008) where no RF radiation related differences in lipid peroxidation level of fibroblast cells (L929) were observed after 1h radiation exposure (872 MHz, 5W/kg).
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In the cell considerable amount of H 2 O 2 is produced through dismutation reactions from superoxide radicals. These radicals are mainly generated in the mitochondria but also from membrane NADH oxidase (Valko et al. 2007 ). 
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